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.Am'rRACI': This field efficacy trial using alwninum phosphide tablets for controlling the valley pocket gopher was conducted on 
land farmed by California State Polytechnic University, Pomona, California. The treatment blocks were located in moderate to 
heavily infested cover crops in deciduous orchards. F.ach of 2 treatment blocks contained IO study plots, as did 2 control blocks. 
All bunows in the tla1ment blocks as well as a 100-foot-wide buffer were treated by placement of 2 to 4 Fumitoxin * tablets in each 
of 1 to 3 probed holes. Both treatment units had a 900/o decline in pocket gopher activity, judged by the open hole census method, 
after the first treatment, and 100% reduction after bunows missed in the first treatment were treated. All burrows in the control 
plots mnained active throughout the entire trial. All treatment points in the study plots were flagged and 33%, including 6 burrows 
mnaining active in the 2-day post-treatment period, were examined for proper tablet placement The importance of proper 
ahnninum phosphide tablet placement is discussed. 
, 
KEY WORDS: aluminum phosphide, burrow fumigation, efficacy trial, pocket gopher, 11romomys bottae 
INTRODUCTION 
Pest.con Systems Inc. and Degesch America 
contracted with Vertebrate Pest Management Technology 
(VPMf), a division of ROMAB Enteipriscs Inc., to 
develop a protocol and conduct a field efficacy trial of 
aluminum phosphide tablets (AIP) for control of the 
valley pocket gopher (Thomomys bottae). This material 
bas been used for many years in agricultural crop 
production and urban areas for control of pocket gophers, 
ground squirrels, meadow mice, Noiway rats, and other 
burrowing rodents. The material bas become especially 
well recognized as an effective control method for 
controlling ground squirrels and pocket gophers (Salmon 
et al. 1982, Marsh 1992, Balcer 1992). 
Some of the attn'butes that make its use so popular are: 
1) it is highly effective, 2) it quickly kills animals 
following inhalation of the toxic dose, 3) it breaks down 
to a safe, low-toxicity aluminum hydroxide (Pestcon 
2000, Balcer 1992), 4) it reduces populations of animal 
parasites in burrows, 5) it can be used in rodent burrows 
in all outdoor crop and non-crop areas, 6) exposure is 
limited to treated burrows, and 7) rodent carcasses pose 
no risk of secondary ba7.ards to predators or scavengers. 
AlP is a highly toxic rodenticide that requires a 
''Restricted Materials Permit" for use in California and 
must be used under the supervision of a certified 
applicator; and all applicators must be trained in the use 
of AIP, according to the product label. 
Although AlP is relied upon by many pest control 
operators, fiume.rs, and others as a clean-out material for 
pocket goph~ with a very high degree of reliability, no 
formal field efficacy trial can be found in the literatme; 
thecefore this trial was initiated to develop supporting 
data to maintain pocket gophers on the pesticide label. 
This trial was performed according to a study protocol 
drafted to include suggestions from EPA scientists. This 
Proc. 21• Vertebr. Pest Conf. (RM. Timm and W. P. Gorcozcl, Eds.) 
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trial was also conducted in compliance with standard 
scientific practices and principles. 
POCKET GOPHER BIOLOGY AND BEHAVIOR 
Pocket gophers live almost entirely below ground in 
burrow systems, venturing above ground only to push 
excavated dirt from the burrow system through short 
lateral branches forming mounds, and to graze on 
vegetation near burrow openings through short vertical 
tunnels sealed with an earthen plug. Pocket gophers may 
also ventW'e above ground for the purpose of migrating 
into new territory, especially when the young are expelled 
from the nest. The tunnels average 2 - 2~ inches in 
diameter and usually run parallel to the ground swface 
(Case and Jasch 1994, Storer 1953). The largest part of 
the system is comprised of a network of superficial 
feeding tunnels usually at a depth from 6 to 12 inches, 
with on~balf of them less than 8 inches deep. The 
deeper part of the system usually contains a nest and food 
storage areas. Systems cover an area of 200 to 3,000 ft2, 
depending on the age of the pocket gopher and the 
burrow system itself. Often 10% or more of the tunnels 
are filled {replugged) with soft soil (Miller 1957). 
Twenty years of excavation studies of over 50 pocket 
gopher burrow systems at California State Polytechnic 
University at Pomona (CSPUP) found most systems to be 
between 20 - 30% replugged with soft soil. Even higher 
amounts of replugging were common in summer months, 
especially in areas with a high percentage of grasses (turf: 
cover crop, rangeland, etc.), as compared to deep-rooted 
perennial crops. Densities of 16 - 20 pocket gophers/acre 
are common, and this number can run as high as 62 
gophers/acre, despite the fact that they are solitary 
animals with each burrow containing just one individual-
except when breeding, or when the young are still in the 
nest (Case and Jasch 1994, Howard and Childs 1959, 
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Miller 1957). Due to their solitary behavior, there is 
overlapping of burrow systems, ~ially by opposite 
sexes (Howard and Childs 1959). These traits, along with 
the variation in system size, often make it difficult to 
identify specific individual systems, even in lightly-
inf ested areas. These factors are important to consider 
when population reduction programs are implemented 
and are the reason that Pest Control Advisors and 
educators usually recommend that any pesticide treatment 
be placed in at least two locations in each presumed 
active burrow system. 
METHODS AND MATERIALS 
Study Sites 
All sites used for treatment and control blocks were 
located on ground fanned by CSPUP and located on 
campus-owned property. The 4 block sites were chosen 
after several weeks of familiari7.ation of these and 5 other 
sites that were eliminated from consideration for a variety 
of reasons, including insufficient pocket gopher numbers. 
Total control of human activity was maintained in the 
experimental blocks. Two treatment blocks were estab-
lished in a 6.1-acre deciduous fruit tree orchard that 
utilized a mowed cover crop of mixed native grasses, 
legumes, and weeds. The first treatment block (f-1) 
consisted of 3.0 acres of various Pnmus species such as 
peaches, plwns, nectarines, and apricots. The second 
treatment block (f-2) consisted of 3.1 acres of pome 
fruits (apples, pears, and quince) and pomegranate, figs, 
and guava. Both orchards had a light to moderate valley 
pocket gopher population in October and November 
2002, when the project was first proposed. The popula-
tion increased dramatically in January and February 2003 
to the point of being a moderate to heavy infestation. 
Two untreated control blocks were located on the 
fanning area adjacent to Latterman State Hospital, more 
than ~ mile southwest of the treatment blocks. Control 
C0-1 was the westernmost 2.5 to 3 acres of a 12-acre 
Valencia orange orchard that contained a moderate to 
heavy pocket gopher infestation in the cover crop orchard 
floor. The second control block (CF-1), located in two 
forage plots, was about 7 acres and contained a moderate 
to heavy, but spotty, pocket gopher population. No 
pocket gopher control was being performed within 200 
yards of these blocks during, or in the prior 6 months, of 
these trials. The same two control blocks were used for 
both treatment periods. The soil on all plots was a sandy 
clay loam, with the forage plot having a slightly higher 
clay content. 
paint; edges of all blocks were flagged with different 
colors. The same process was repeated for treatment of 
T-2, with the pre-treatment area being prepared on 
February 24. 
Open Burrows 
The opened hole (OH), also called open bunow, 
method of assessing pocket gopher activity has been 
found to be the most reliable method (Matschke and 
McCann 1998, Baker 1981, Barnes et al. 1970, Richens 
1967, Miller 1953) and was the primary index used. At 
least 2 and usually 3 to 4 points in different bunow 
systems were opened in each study plot. These OH 
points were located by probing to find activity then 
shoveled open. Each OH was marked with a numbered 
flag (e.g., T-1 #1 or CO 1 #2), reopened in each trial 
phase, and monitored at 24 and 48 hours after opening in 
each phase. All re-plugged open holes were counted as 
active burrows (AB). The objective was to have at least 
20 to 30 'OH burrow census points in each block. The 
OH points were usually 15 to 20 feet apart and were 
chosen to represent what appeared to be separate bwrow 
systems, many of which represented systems extending 
beyond the study plots boundary. 
Active Study Plots 
Newly active mounds and freshly used earthen plugs 
(EPs) were counted and used as a sign of activity in each 
study plot and of several systems extending out of the 
study plot from an open hole. Fresh mounds were 
knocked down each monitoring day and EPs were 
sprayed lightly with a turf paint, which primarily 
consisted of calcium carbonate, leaving a chaJky like 
residue. Fresh activity was easily recognized by the 
presence of fresh brown soil in the lightly colored bl~ 
yellow, or red chaJky areas. Different colors were used 
daily to make counting easier. The new mound and EP 
activity was used as support data for the OH census 
method, rather than as separate census methods. 
Forty-eight hours after treatment all plots were 
prepared for the post-treatment census in the same 
manner as in the pre-treatment census by opening all OH 
points in each study plot (SP) and by leveling all mounds 
and turf spraying all earthen plugs. 
Treatment 
Fumitoxin® Tablets (EPA #72959-1-5857) were used 
to treat Block T-1 and the adjacent buffer areas on 
February 22. The soil moisture content was excellent, 
forming a light clod when squceud in the palm of one's 
Census Methods hand, the high temperature was 67° F, and a slight west 
All blocks were prepared on February 19, 2003 by wind persisted all day, allowing for good A1P handling. 
knocking down all old mound and earthen plug activity; All treatments were made by a licensed Certified 
48 hours later, 10 study plots each with a radius of20 feet Applicator (called "Qualified Applicator" in California's 
were flagged and numbered in each study block for the regulatory system) with 5 years experience making 
treatment of T-1. Plots were at least 40 feet apart and applications with A1P for pocket gopher management. 
were selected by pacing over 60 feet from the edge of one He was observed by the principal investigator and a 
study plot, down the center of a cover crop row, to what research assistant. From 2 to 4 tablets were placed into 
appeared to be the center of pocket gopher activity. each of 1 to 3 treatment points in each systan. The 
These study plots were staggered in a zig-z.ag pattern so treatment points were made using a metal probe that left a 
that no two consecutive plots were in the same row. The ~-inch hole into the active burrow, and all burrows were 
outside edges of all plots were marked with white turf tightly sealed after treatment. Each treated hole in a study 
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plot or within 10 feet of it was marked with a red wire 
flag for later examination if the treatment failed, or if 
chosen to be part of a random sample. It has been found 
in the past that some applications of pocket gopher baits 
or AlP placed in probed holes may not actually be in open 
active burrows, but rather in the soft, re-plugged burrow 
(Miller 1953). This condition is more commonly found 
in well-established plantings with a history of pocket 
gopher infestations . . Each treated block was surrounded 
by a SO- to 100-foot AIP·treated buffer area, established 
on the treatment day. 
The second treatment Block T-2 and adjacent buffer 
areas were treated March 1, two days after a light 4-day 
rainstorm that dropped 1.41 inches of precipitation. The 
weather was clear, temperature 60° F, and a light 2- to 3-
mile-per-hour west wind continued throughout the day. 
Since the soil was slightly heavier and a little more moist, 
2 to 3 tablets (rather than 2 to 4) were placed in each of 1 
to 3 treatment points in each system in the study plots and 
buffer area, completing treatment of the entiie 6.1-acre 
deciduous fruit orchard and about 1.S to 2 acres of 
surrounding area. The number of treatment points in each 
study plot was recorded on the day of treatment, as was 
the total amount of material applied to the entire block 
and buffer areas. 
Weather 
Weather data was collected at the U.S. Weather 
Station adjacent to our treatment plots. The maximum 
daily temperatures ranged from 55° to 71° F, with a mean 
average high of 67.8° F. The minimum air temperature 
ranged from 38° to 51.8° F, with a mean average low of 
48.7° F. The maximum relative humidity ranged from 
97% to 100%, with a mean maximum average of99.6%. 
The minimum relative humidity ranged from 32% to 
76%, with a mean minimum low humidity of 61.3%. 
Measurable rain occurred on 6 days, totaling 1.49 inches 
of rainfall. Most of the rainfall occurred between 
February 24 and February 27, during the post-treatment 
phase of T-1 and the pre treatment phase of T-2. The 
rainfall was light and did not flood any study plots in any 
T-1 AB 30/30 
SPs 10/10 
C0-1 AB 29/29 29/29 
SPs 10/10 10/10 
CF-1 AB 30/30 30/30 
SPs 10/10 10/10 
study area. 
Data 
Data were collected on a ''Field Trial Census Data 
Form" in the field each day, by the principal investigator 
and a research assistant, during the pre-treatment, 
treatment, and post-treatment phases. The data was then 
transferred onto a ''Field Efficacy Summary Table" each 
night. The amount of AlP used was also recorded, as 
well as the number of treatment points improperly placed, 
as verified in samples taken in each treatment block. At 
least two project personnel were present during all data 
collection phases to verify accuracy of data. 
Quality Control 
Both lots of Fumitoxin were analyzed for the stated 
55% aluminum phosphide concentration by the 
laboratory at Zhejiang Shenghua Biok Chemical, Beijing, 
China, and were found to be with established EPA limits 
of 53.35 - 56.50% active ingredient. 
RESULTS 
Pre-Treatment Census 
Day 1 readings for the first treatment block were taken 
February 21 in T-1, C0-1, and CF-1 after the plots had 
been prepared on February 19 (Table 1). All study plots 
(SPs) were active in the treatment block T-1 and all 30 
OH were plugged (active) on Day 1 and Day 2 of this 
phase. The orchard control block C0-1 also had pocket 
gopher activity in all 10 SPs and all 29 OH were active 
both Day 1 and Day 2. The Forage Control Block (CF-1) 
also had pocket gopher activity in all SPs and all 30 OH 
were active both Day 1 and Day 2. The earthen plug and 
mound activity was similar in both controls and 
somewhat heavier in the treatment block. The levels of 
activity in all blocks confirmed moderate to heavy pocket 
gopher populations were present in each during the pre-
treatment phase. 
The pre-treatment phase for Treatment Block T-2 was 
set up on February 24 followed by Day 1 (February 25) 
and Day 2 (February 26), as were both control blocks 
90 0/30 
80 0110 
0 29/29 0 
0 10/10 0 
0 30/30 0 
0 10110 0 
*Some treatments originally had been lnadvertenUy made In soft-plugged burrows rather than In active burrow systems; Post· Treatment 2 followed 
c:orrect teatrnent placement (see text). 
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Table 2. Number of active pocket gopher burrows pre- and post-treatment In study blocks T-2 {treatment; orchard of.pome 
fruits, pomegranate, figs, and guava), C0-1 {control; Valenlcla orange orchard), and CF-1 {control; forage plot). 
T-2 AB 31/31 90 0/31 
SPs 10/10 70 0/10 
C0-1 AB 29129 29129 0 29129 0 
SPs 10/10 10/10 0 10/10 0 
CF-1 AB 30/30 30/30 0 30/30 0 
SPs 10/10 10/10 0 10/10 0 
• Some tru1ments ortglndy had been lnadvertenlly made In soft-plugged burrows rather than In active burrow systems; Post-Treatment 2 followed 
c:orrect treatment placement (see text). 
listed in Table 2. Day 1 readings for T-2 showed activity 
in all SPs but there were only 25 ABs out of 31 OH; 
however, this increased to 31 OH active on Day 2. Both 
control blocks had all 10 SPs active, but the number of 
active OH was 26 for each on Day 1 increasing to the full 
29 ABs in C0-1 and 30 ABs in CF-1 on Day 2. The rain 
may have been responsible for Day 1 's decreased burrow 
activity. The amount of mound and EP activity in all 
blocks was indicative of mooerate to heavy pocket gopher 
activity. 
Treatment 
Fumitoxin* tablets were placed in all gopher burrow 
systems throughout the entire T-1 study block and the 
adjacent buffers on February 22. A total of 4 acres was 
treated including all of the orchard in T-1 and adjacent 
pasture, orange trees, and oat hay crop within the buffer 
area. Sixty-four treatment points were made with 228 
tablets in T-1 SPs, and a total of 556 tablets were used in 
the balance ofT-1 and the buffer area. 
The treatment of T-2 took place on March 1 using a 
new lot of Fumitoxin* tablets. All of T-2 and adjacent 
buffer areas were treated with 2 to 3 tablets in each 
probed hole. Seventy-one treatment points were placed 
in T-2 study plots using 192 tablets. The balance of the 
area was treated with over 600 tablets. 
Placement of tablets of AlP was examined by digging 
up a sample of at least 33% of treatment points in each 
treatment block T-1 and T-2 study plots on February 25 
and February 26, and 75% of treatment points on March 
5. All treatment points near or in burrows that were still 
active in the treatment block SPs were included in the 
sample. A total of 45 treatment points were opened and 
only 7 (15.5%) were found in soft n>-plugged burrows 
rather than active systems. Only one of the 7 points may 
have been disturbed by fresh movement of soil by a 
pocket gopher; the others were in the same compact 
elongated shape as when placed in the probe hole. Those 
missed were retreated, if they were near active burrows, 
and rechecked after 24 and 48 hours for activity for a 
second post period (Post-2). 
Post-Treatment 
Blocks T-1, C0-1, and CF-1 were prepared for the 
post-treatment census for the first treatment block on 
February 24, and Day 1 's data was collected February 25. 
As Table 1 illustrates, two study plots in the T-1 
treatment block each had one n>-plugged, active burrow, 
but no mounds or earthen plugs were present. On Day 2 
of post-treatment, one more open bole in one of the same 
SPs as the prior day had been n>-plugged, which gave a 
total of3 ABs out of30, a 90% reduction in activity, and 
2 active SPs out of 10, an 80% reduction. Examination of 
treatment points nearest the 3 active burrows revealed that 
all 3 treatment points were located in soft n>-plugged 
burrows rather than in the active burrow. All 3 untreated 
active burrows were retreated at one point in each active 
burrow with 4 AlP tablets and were n>-opened again 24 
hours later (Post-2). They were checked after 24 hours 
(February 27) and 48 hours (February 28). All SPs were 
found inactive after the corrected treatments were 
rechecked. Day 1 post-treatment for C0-1 found all 
study plots active but only 26 of 29 OH were active, 
however on Day 2 all 29 original OH were active. The 
second control CF-1 also had several OH inactive on Day 
1, (February 26 or 30), but all 30 census burrows were 
active on the Day 2. The decrease in activity on Day 1 
may have been related to the rain, as even EP and mound 
activity in C0-1 and mound activity in CF-1 also 
decreased. 
Block T-2's post-treatment Day 1 data was collected 
on March 4, and as illustrated in Table 2, there was one 
AB followed on Day 2 with 2 more, for a total of 3 ABs 
out of 31 - a 90% reduction in activity. Day 1 there was 
one active SP and 3 on Day 2. However, one of the 3 was 
in the same SP as on Day 1; therefore, a total of 3 SP out 
of 10 had activity, a 70% reduction. Opening of 
treatment points near the active burrows on March 5 
revealed 4 treatment points placed in soft n>-plugged 
burrows near the 3 ABs. Each of the 3 ABs was treated 
with three tablets each on March 5. These burrows were 
re-opened after 24 hours and checked after 24 (March 7) 
and 48 hours (March 8). All study plots were found 
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inactive, for a 1 OO°Ai reduction in activity. 
DiscUssion 
Fmnitoxine was 100% effective in all treated bmrows. 
Applicator error (i.e., not placing tablets in active portions 
of -the bmrow) was responsible for all pocket gopher 
activity in treated plots. In some prior pocket gopher 
toxicant trials, where toxicants like strychnine were 
misplac.ed during probing and application, the errant 
m:atment points were taken out of the data (Miller 1953). 
In the current study, the principal investigator felt it 
would be more beneficial to correct the placements and 
observe the results. In a thorough inspection of the entire 
treated orchard 7 days after the last plot was treated, only 
2 pocket gopher bmrow systems were detected. They 
were in the buffer area, where the cover crop bad not 
been mowed for weeks, and most likely were missed. 
These systems were not near any study plots. 
A 90% reduction of pocket gophers activity was 
obtained by the applicator after one treatment' in each of 
the two plots, which exceeds the EPA 70% minimum 
standard required to verify efficacy (EPA 1982). even 
though 15% of the application points were not placed in 
active bmrows. These trials reaffirm the industry's trust 
in AIP as a very effective clean-out material for pocket 
gopher control. 
No ~cal corrections were needect since all active 
bmrows remained active at the same levels in all control 
plots throughout all trial phases. 
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